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ABSTRACT
AT2018cow is a unique transient that stands out due to its relatively fast light-
curve, high peak bolometric luminosity, and blue color. These properties distinguish
it from typical radioactively powered core-collapse supernovae (SNe). Instead, the
characteristics are more similar to a growing sample of Fast Blue Optical Transients
(FBOTs). Mostly discovered at hundreds of Mpc, FBOT follow-up is usually lim-
ited to several photometry points and low signal-to-noise spectra. At only ∼60 Mpc,
AT2018cow offers an opportunity for detailed followup. Studies of this object pub-
lished to date invoke a number of interpretations for AT2018cow, but none of these
specifically consider the interacting Type Ibn SN subclass. We point out that while
narrow lines do not dominate the spectrum of AT2018cow, as narrow Balmer lines
typically do in SNe IIn, the narrow lines in AT2018cow may nevertheless be a mix of
unresolved HII region emission and emission from slow, pre-shock CSM. We compare
AT2018cow to interacting SNe Ibn and IIn and find a number of noteworthy similari-
ties, including light-curve rise and fall times, peak magnitude, X-ray light-curves, and
spectroscopic properties. In particular, the He I lines in AT2018cow closely resemble
those in some examples of SNe Ibn or transitional SNe Ibn/IIn objects. We therefore
explore the hypothesis that CSM interaction in a relatively H-poor system might have
some merit in explaining observed properties of AT2018cow, and we go on to consider
progenitor implications for AT2018cow, FBOTs, and SNe Ibn.
Key words: circumstellar matter — supernovae: general — supernovae: individual
(AT2018cow, PTF09uj, SN 2006jc, PS1-12sk, SN 1999cq, SN 1998S)
1 INTRODUCTION
The Astronomical Transient AT2018cow has been identified
as a nearby analog to the rare class of Fast Blue Optical
Transients (FBOTs; Perley et al. 2018). The FBOT clas-
sification is defined by the light-curve’s relatively fast rise
and decline timescale (on the order of days), high peak
bolometric luminosity (> 1044 erg), and blue color (e.g.,
Drout et al. 2014; Arcavi et al. 2016; Tanaka et al. 2016;
Pursiainen et al. 2018). The origin of the FBOT subclass
remains ambiguous, but the rapid evolution is usually at-
tributed to a small ejecta mass (Mej < 1 M⊙), while the
energy source is considered to originate from shock inter-
action (e.g., Chevalier & Irwin 2011; Balberg & Loeb 2011;
Ginzburg & Balberg 2014; Rest et al. 2018) or a central
compact object (e.g., Kasen & Bildsten 2010).
The ATLAS survey discovered AT2018cow on June
16, 2018 in the dwarf star-forming galaxy CGCG 137-068.
At a presumed distance of ∼60 Mpc (Prentice et al.
2018), AT2018cow easily became the most nearby
FBOT, allowing for detailed and extensive multi-
wavelength followup (Prentice et al. 2018; Perley et al.
2018; Rivera Sandoval et al. 2018; Kuin et al. 2018;
Margutti et al. 2018). These analyses have proposed dif-
ferent interpretations of the progenitor, including a tidal
disruption event (TDE) in an intermediate mass black hole
(IMBH; Perley et al. 2018), a magnetar (Margutti et al.
2018), and the electron capture of a merged white dwarf
(Lyutikov & Toonen 2018).
Perley et al. (2018) considered a supernova (SN) ori-
gin for AT2018cow and performed a detailed comparison
to many SN subclasses. They found some similarities to
the Type IIn subclass, but concluded that the Type IIn
lines were more narrow than those observed in AT2018cow
(v ∼ 6000 km/s versus a few hundred km/s in SN 1998S).
The broad lines in AT2018cow therefore led Perley et al.
(2018) to suggest that the H and He emission lines originate
in the fast moving ejecta and not the pre-shock circumstellar
medium (CSM).
Margutti et al. (2018), however, measure line velocities
of only v ∼ 4000 km/s, which may be problematic for the
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interpretation that these lines are emitted by freely expand-
ing ejecta. Not all SNe with a surrounding CSM have lines
as narrow as SN 1998S. For example, the Type Ibn SN
2006jc was dominated by intermediate lines of 1000 < v <
4000 km/s (Foley et al. 2007; Pastorello et al. 2007). The
intermediate-width lines in SN 2006jc are attributed to ac-
celerated CSM material swept up in the shock, but they may
also originate in faster progenitor wind speeds from varying
stellar types.
The apparent lack of order 100 km/s lines would not,
in itself, immediately rule out shock interaction or shock
breakout in a wind. The narrowest lines from slow pre-shock
gas can be absent from observations for a number of possi-
ble reasons. (1) Spectra must have high enough resolution
to separate the narrow and intermediate-width components.
(2) The progenitor’s mass loss must be slow. Even moder-
ately fast progenitor wind mass loss of a few 103 km s−1
can still give rise to CSM interaction as long as it is slower
than the forward shock speed. (3) Some non-spherical ge-
ometries can hide the narrow emission, depending on view-
ing angle. (4) The slow pre-shock CSM must be ionized and
dense enough that its recombination emission (depending on
n
2
e
) can compete with the luminosity of the SN photosphere.
There is a wide parameter space where CSM interaction may
still occur, but where these conditions may not be met to
yield observable narrow lines. Many events classified as Type
IIn show only intermediate-width (and broad) lines, lacking
the narrowest component (e.g., the Type IIn SN 2012ab;
Bilinski et al. 2018, and references within). See Smith 2017
for a recent overview of interacting SNe (Types IIn and Ibn).
An important point, however, is that AT2018cow does
show narrow lines. While they are weaker than the narrow
Blamer lines that dominate the spectra of typical SNe IIn,
they may nevertheless be indicative of dense CSM. These
weak narrow lines in AT2018cow have been attributed to
unresolved H II region emission, but we point out that some
of the narrow lines, namely the He I lines, may indeed arise
from slow pre-shock CSM, whereas the intermediate-width
components may arise from post-shock gas. In this paper,
we therefore explore the hypothesis that CSM interaction
may play an important role in the unusual observed proper-
ties of AT2018cow. We provide a more detailed comparison
between AT2018cow and other types of interacting SNe, in-
cluding Type Ibn and the Type IIn SNe 1998S and PTF09uj.
Section 2 compares the light-curves, spectra, and rise-time
to SNe Ibn and IIn. Section 3 provides a discussion and con-
clusion.
2 COMPARISON TO SNe Ibn AND IIn
The Type IIn subclass is characterized by narrow emis-
sion lines (mostly H and He) originating from a dense,
pre-existing CSM (Schlegel 1990; Smith 2017). The Type
Ibn subclass is similar to the SNe IIn but lacks signifi-
cant H in the spectra (Hosseinzadeh et al. 2017, and those
within). The Type Ibn and IIn subclasses represent <1%
and <10% of core-collapse SNe, respectively (Smith et al.
2011; Shivvers et al. 2017).
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Figure 1. Light-curve of AT2018cow (blue) compared to other
SNe Ibn (shades of grey) and the Type IIn PTF09uj (magenta).
2.1 Light-Curve
The light-curve of AT2018cow has several distinguishing
properties (Prentice et al. 2018; Perley et al. 2018). The rise
increases >5 mag in ∼3.5 days and can be characterized by
a ∼1.5 day rise to peak from half-max (r-band). The r-band
peak reaches a magnitude of -19.9. The light-curve declines
to half-max (r-band) in just 3 days and decreases to below an
r-band mag of -16 by ∼25 days post-discovery. This behav-
ior is quite extreme when compared to most non-interacting
SN subclasses (Perley et al. 2018). Those authors did not
undertake a comparison to Type Ibn events, which tend to
show quicker declines than SNe IIn, and there is also a wide
diversity among SNe IIn that was not considered.
Figure 1 compares the light-curve of AT2018cow pub-
lished by Perley et al. (2018) to SNe Ibn compiled from
Hosseinzadeh et al. (2017), including PTF11rfh, iPTF15ul,
iPTF15akq, SN 1999cq, SN 2005la, SN 2006jc, SN 2010al,
PS1-12sk, LSQ12btw, LSQ13ccw, SN 2014av, SN 2014bk,
and ASASSN-15ed. Hosseinzadeh et al. (2017) show that
unlike SNe IIn, whose light-curves can vary (Kiewe et al.
2012), SNe Ibn tend to have fast, bright (r ∼-18 to -
20 at peak), and relatively homogenous, well-defined light
curves. Most SNe IIn evolve on longer timescales, although
we do include a comparison with the unique SNe IIn(?1)
PTF09uj (Ofek et al. 2010). AT2018cow qualitatively has a
similar light-curve to these SNe, with its peak is only slightly
brighter than most of the other targets. Note however, that
several SNe Ibn including the prototypical case of SN2006jc,
were not discovered early enough to characterize the peak.
AT2018cow declines more rapidly than the other transients
over the first few days after peak, but after that does not
have any distinguishing light-curve features.
2.2 Phase Space
Margutti et al. (2018) show in their figure 1 a plot of
1 PTF09uj was originally classified as a SNe IIn, but the progen-
itor and subsequent classification remains debated (Ofek et al.
2010).
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Figure 2. Phase space plots. (left) Peak luminosity versus rise time for AT2018cow (black) compared to SNe Ibn (grey), PTF09uj
(magenta), Kepler SN 2015K (green), and the Pan-STARRS FBOT sample (open black circles). (right) Peak luminosity versus decline
rate for AT2018cow (black) compared to SNe Ibn (grey), PTF09uj (magenta), Kepler SN 2015K (green), and the Pan-STARRS FBOT
sample (open black circles).
transient peak luminosity versus rise time. In addition
to AT2018cow, the plot also includes super-luminous SNe
(SLSNe), SNe Ibc, SNe IIP/L/n, and previously observed
FBOTs. AT2018cow stands apart from these populations
objects due to its high luminosity and short rise time.
Elaborating on the Margutti et al. (2018) comparison,
Figure 2 plots the peak luminosity versus both rise time
and decline rate for the SNe Ibn sample in Figure 1, where
the values were obtained from table 4 in Hosseinzadeh et al.
(2017) and are all corrected for extinction. For comparison,
we also include the Pan-STARRS FBOT sample, where the
values were obtained from table 4 in Drout et al. (2014), and
the Kepler SN 2015K (Rest et al. 2018). Interacting SNe can
have long rise times if they have denser and more opaque in-
ner winds (Smith & McCray 2007; Chevalier & Irwin 2011),
so we again do not include those in this analysis except for
PTF09uj. Compared to other SNe Ibn (and even the Pan-
STARRs FBOTs), the phase space occupied by AT2018cow
is not a clear outlier. In fact, SN 1999cq and iPTF15ul are
even more luminous and have even faster rise times. Also, as
pointed out in Figure 1, AT2018cow declines slightly more
rapid than the other transients from peak over the first few
days, but after that the decline rate is more typical of other
SNe Ibn. This behavior is not reminiscent of some SNe with
brief CSM interaction (e.g. Morozova et al. 2018). Unlike
SNe IIP or IIb, the normal underlying light curve in this
case is the decline of a stripped envelope SNe.
2.3 Narrow and Intermediate Lines
Figure 3 plots the Helium, Hα, and [O III] lines in veloc-
ity space for the day 44 and 53 spectra of AT2018cow from
Perley et al. (2018). Overplotted for comparison is the [S
II] 6717 line, which is quite narrow and we know originates
from the underlying galaxy. The day 44 spectrum was ob-
tained with Gemini/GMOS using a 0.5′′ slit and B600+R400
gratings, which have a resolving power of 1688 at 4610 A˚
and 1918 at 7640 A˚, respectively. This yields a resolution of
∼2.7 A˚ (or ∼175 km/s). The day 53 spectrum was obtained
with Keck/LRIS using a 1.0′′ slit and the B400/3400 and
R400/8500 grisms, which have a resolving power of 400 and
a resolution of ∼6.9 A˚ (or ∼400 km/s).
As noted by Perley et al. (2018) and Margutti et al.
(2018), both narrow and intermediate components are ap-
parent in the spectra. While the most narrow lines have been
attributed to the underlying galaxy, we note that the He I
lines in the day 44 spectrum of AT2018cow are relatively
strong compared to SN 1998S. These lines seem too strong to
be associated with an underlying HII region, judging by their
strength compared to the narrow [O iii] lines, for example.
We measure a He I λ5876 to [O iii] λ5007 ratio of 0.84±0.03
and 0.87±0.04 on days 44 and 53, respectively. The ratio
observed in H ii regions, even with early O-type stars, is
commonly <0.1 (e.g., Peimbert et al. 2000; Smith & Morse
2004; Esteban et al. 2004). Furthermore, the He I narrow
lines are noticeably broader than the [O iii] 5007 and [S ii]
6723 lines that do likely originate in an H ii region. The
top, middle panel of Figure 3 (He I 6680) illustrates this
best. The [S ii] λλ6717,6731 lines (just to the right of the
He I 6680 line) are clearly narrower than the He I λ6680
line itself in both spectra. We also fit a gaussian to these
lines and find the He I λ6680 lines have a FWHM of 732±30
and 734±30 km/s on days 44 and 53, respectively. By con-
trast, we find the [O iii] 5007 have a FWHM of 280±20 and
306±20 km/s on days 44 and 53, respectively.
Perley et al. (2018) and Margutti et al. (2018) also
point out intermediate (on order of several thousand km/s)
lines. Compared to Perley et al. (2018), Margutti et al.
(2018) show in their figure 2 that the intermediate H and He
lines have associated velocities of ∼4000 km/s, which is ap-
proaching speeds that are typically a bit too slow for ejecta
of such an energetic explosion at such early times. These ve-
locities are often observed in the post-shocked CSM of many
SNe IIn (Kiewe et al. 2012; Smith et al. 2017). We also note
that stars can have a range of pre-explosion wind speeds,
ranging from red super giants (RSGs) with tens of km/s
(e.g., Smith et al. 2009) to luminous blue variables (LBVs)
with few hundred km/s, to stripped WolfRayet (W-R) stars
with thousands of km/s (see Smith 2014 for a review of mas-
sive star mass loss properties). In other words, stars have a
c© 0000 RAS, MNRAS 000, 000–000
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Figure 3. Velocity plots of the helium, Hα, and [O III]. Overplotted (dotted, red lines) for comparison is the [S II] 6717 line originating
from the underlying galaxy. The shaded grey region highlights ±500 km/s.
wide range of line widths and are not constrained to the
narrow line widths of SN 1998S. Furthermore, as noted in
the Introduction, narrow lines from a slow pre-shocked CSM
may not be observed for a variety of reasons.
2.4 Spectroscopic Comparisons
Figures 4, 5, 6, 7, and 8 compare day 44 and 53 spec-
tra of AT2018cow from Perley et al. (2018) to SNe 1998S
(IIn), 2006jc (Ibn), 2011fw (IIn/Inb), 1999cq (Ibn), and
PTF09uj (IIn?), respectively 2. We do not have any spec-
2 All spectra besides AT2018cow were down-
loaded from either the Berkeley SN Database
(http://heracles.astro.berkeley.edu/sndb/), the PTF Mar-
shall (http://ptf.caltech.edu/cgi-bin/ptf/transient/marshal.cgi),
or the Transient Name Server (https://wis-tns.weizmann.ac.il)
tra of AT208cow at epochs later than day 53. SN 1998S is
one of the most well-studied SNe IIn (Leonard et al. 2000;
Shivvers et al. 2015; Fassia et al. 2001) and used for compar-
ison in Perley et al. (2018). We note, however, that SN 1998S
may not be a prototypical member of the Type IIn subclass
(Shivvers et al. 2015; Smith et al. 2017; Smith 2017). The
narrow lines disappeared after only a few weeks. The SN
then had a more normal ejecta-dominated spectrum with P
Cygni lines. SN 2006jc is one of the most well-studied SNe
Ibn (Foley et al. 2007; Pastorello et al. 2007; Smith et al.
2008). SN 2011hw is a transitional Type IIn/Inb that serves
as a useful counterpoint to SN 2006jc (Smith et al. 2012).
We do not include SN 2011hw in our other phase space plots
because the explosion date, rise time, and actual peak are
not well constrained. The observed peak luminosity of SN
2011hw is -19.5 and a decay rate of ∼0.05 mag/day, which
is at least comparable to other members of this subclass
c© 0000 RAS, MNRAS 000, 000–000
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Figure 4. Comparison of AT2018cow (black) to the Type IIn SN 1998S (blue). Many high-ionization spectral lines typically seen in
interacting SNe are labeled, but not all are necessarily identified in each spectrum.
(see Figure 2). SN 1999cq is a less well-studied Type Ibn
and has only one associated spectrum, but is even more
extreme (in terms of rise team and peak luminosity) than
AT2018cow (see Figure 2; Matheson et al. 2000). PTF09uj
is a peculiar Type IIn that exhibited evidence for a shock
breakout from a dense circumstellar wind (Ofek et al. 2010).
Except when stated otherwise, all spectra are over-plotted
on various scales to accentuate particular features. Except
for Figure 8, the spectra of AT2018cow are smoothed by 10
pixels to highlight the broader features. Section 2.3 focuses
on the narrower features.
Figure 4 first compares AT2018cow (days 44 and 53) to
the Type IIn SN 1998S (days 24 and 107). As Perley et al.
(2018) point out, at early times both AT2018cow and SN
1998S are dominated by a hot, blue continuum from the
photosphere. They also share similar spectral lines, particu-
larly H and He. Perley et al. (2018) point out that SN 1998S
has much narrower lines than AT2018cow (a few hundred
km/s versus v ∼ 6000 km/s), but we note that the narrow
(e.g., few hundred km/s) lines in AT2018cow are also likely
associated with an excited, pre-shocked CSM and not the
underlying HII region.
Figure 4 shows that after a couple months, the narrow
lines in SN 1998S faded and the spectra begin to show a nor-
mal ejecta (∼10,000 km/s) dominated photosphere. (After
the continuum photosphere fades in SN 1998S, the spectra
again go on to show intermediate lines from CSM interaction
at later times, such as in PTF11iqb (Smith et al. 2015)). By
day 44 and 53, the spectra of AT2018cow already begin to
show evidence for broader, underlying components that are
likely associated with the ejecta. In most cases, these broad
components appear noticeably redshifted.
Figure 5 compares AT2018cow (days 44 and 53) to the
Type Ibn SN 2006jc (day 72). Overall, AT2018cow is bluer,
but SN 2006jc shows line widths that are more comparable
to AT2018cow (1000 < v < 4000 km/s). The line widths in
SN 2006jc are attributed to post-shocked CSM (Smith et al.
2008). SN 2006jc also has very little helium compared to
most SNe IIn, including SN 1998S. The intermediate lines
of AT2018cow may likely be associated with post-shocked
CSM, too (note that the very narrow features are likely as-
sociated with the underlying galaxy). AT2018cow also devel-
ops other lines that are typically observed in SNe, including
O I and Ca II.
AT2018cow and SN 2006jc have similar spectral line
identifications, although AT2018cow has significant emission
just long-ward of the Ca II triplet that we cannot identify.
The AT2018cow spectral lines are also a bit weaker than
SN 2006jc. Leloudas et al. (2015) point out that an under-
lying spectrum can often be suppressed by ejecta strongly
interacting with the surrounding CSM. We therefore take a
blackbody to model the hot 15,000 blackbody continuum
(Perley et al. 2018) and add this to the spectrum of SN
2006jc (Figure 5). While only a qualitative argument, this
model is meant to illustrate the effects of an underlying, hot
photosphere. The shape of the new SN 2006jc spectrum is
c© 0000 RAS, MNRAS 000, 000–000
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Figure 5. (Top) Comparison of AT2018cow (black) with the Type Ibn SN 2006jc (green). (Bottom) The spectrum of SN 2006jc
is combined with a 15,000 K blackbody spectrum that represents the optically thick photosphere. Many high-ionization spectral lines
typically seen in interacting SNe are labeled, but not all are necessarily identified in each spectrum.
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Figure 6. Comparison of AT2018cow (black) with the Type IIn/Inb SN 2011hw (orange). Many high-ionization spectral lines typically
seen in interacting SNe are labeled, but not all are necessarily identified in each spectrum.
comparable to AT2018cow and the H and He features are
suppressed.
Figure 6 compares AT2018cow to similar resolution
optical spectra of the transitional Type IIn/Ibn object
SN 2011hw (days 7 and 47 post-discovery). As with SN
2006jc, we add a 15,000 K blackbody. Smith et al. (2012)
adopted a Galactic extinction of E(B-V)=0.115, but note
they did not account for local extinction. We invoke addi-
tional local extinction and deredden our spectrum by a value
E(B-V)=0.415. These modifications serve to make the con-
tinuum slope comparable in SN 2011hw and AT2018cow.
Compared to SN 2006jc, SN 2011hw has narrower and
weaker He I lines from the CSM, and relatively stronger Hα
emission, helping to illustrate the diversity among known
examples of SNe Ibn. In terms of narrow line widths and
strengths, the spectrum of AT2018cow has more in common
with SN 2011hw than with SN 2006jc. SN 2011hw, how-
ever, lacks the very strong and broad CaII IR triplet emis-
sion fromt eh underlying SN ejecta. For SN 2011hw, the
slower CSM speed and apparently higher relative H abun-
dance might suggest that its progenitor was in a transitional
evolutionary state between the RSG or LBV-like progeni-
tors of SNe IIn and the more Wolf-Rayet-like progenitors of
SNe Ibn. This may apply to AT 2018cow as well, although
th erelatively strong Hα emission from a coincidence H ii
region makes it difficult to determine if there is also some
weak narrow Hα that may arise in the CSM.
Figure 7 goes on to make a similar comparison to the
Type Ibn 1999cq (day 20), which may be a better compari-
son because it was almost identical to AT2018cow in terms
of peak magnitude and rise time (Figure 2). Despite the
similarities in Figure 2, the spectral shapes are not a good
qualitative match, but the line identifications, widths, and
strengths of AT2018cow appear to be much more similar to
SN 1999cq than SN 2006jc. Like with SN 2006jc, we add a
15,000 K blackbody. We also add a second blackbody (3,000
K) to represent hot dust (Perley et al. 2018). The qualita-
tive similarities are intriguing. SN 1999cq even has the same
emission long-ward of Ca II, which may just be very broad
and/or red-shifted Ca II.
Finally, Figure 8 compares the day 44 spectrum of
AT2018cow to the near-peak spectrum of PTF09uj. The
same scaling is used and neither spectrum is smoothed. The
shape, color, line strength, and line widths show a remark-
able comparison.
2.5 X-Ray Light Curve
Margutti et al. (2018) plot the X-ray light-curve of
AT2018cow and identify a change in the slope at ∼20
days. Overall, they conclude the multi-wavelength prop-
erties of AT2018cow to be most consistent with a
central powering source, such as a magnetar. Figure
9 compares the X-ray light-curve of AT2018cow with
other interacting SNe with X-ray observations at <500
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Figure 7. (Top) Comparison of AT2018cow (black) with the Type Ibn SN 1999cq (red). (Bottom) The spectrum of SN 1999cq is
combined with 15,000 K and 3,000 K blackbody spectra that represents the optically thick photosphere and an additional dust component.
Many high-ionization spectral lines typically seen in interacting SNe are labeled, but not all are necessarily identified in each spectrum.
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Figure 8. Comparison of AT2018cow (black) with the Type IIn PTF09uj (magenta). Many high-ionization spectral lines typically seen
in interacting SNe are labeled, but not all are necessarily identified in each spectrum.
days 3. The only existing data that fit these crite-
ria include the Type Ibn SN 2006jc (Ofek et al. 2013),
and Type IIn SNe 2010jl (Chandra et al. 2012, 2015),
PTF09uj (Ofek et al. 2010), 2005kd (Immler & Pooley
2007; Dwarkadas et al. 2016), 1996cr (Dwarkadas et al.
2010), 2006jd (Katsuda et al. 2016), 2006gy (Smith et al.
2007), and 2005ip (Katsuda et al. 2014). Only SNe 2006jc,
2010jl, and 1996cr have X-ray observations at <60 days (the
PTF09uj photometry is near-UV from GALEX).
PTF09uj has a single early time UV data point that is
slightly larger than AT2018cow and was attributed to shock
breakout from a dense CSM. In the X-rays, SN 2010jl is
∼ 100× fainter than the peak of AT2018cow, but the ini-
tial X-ray observations of SN 2010jl were not obtained until
more than 50 days post-explosion. By this epoch, the X-
ray luminosity of SN 2010jl is similar to AT2018cow. The
X-ray luminosity of SN 2010jl is attributed to shock inter-
action with a dense CSM that extends out to large radii. For
this reason, the X-ray light-curve for SN 2010jl plateaus for
years. The Type Ibn SN 2006jc is significantly less luminous
than AT2018cow at early-times. As noted above, however,
the shock did not hit the SN 2006jc shell until ∼50 days
or so after peak. At these epochs, the X-ray light-curves of
AT2018cow and SN 2006jc are quite similar.
3 Data were downloaded from the SN X-ray database at
http://kronos.uchicago.edu/snax/
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Figure 9. X-Ray Light Curve of AT2018cow compared to other
SNe IIn and the Type Ibn SN 2006jc. Note that the PTF09uj
photometry is near-UV from GALEX.
3 CONCLUSION
This article explores the hypothesis that CSM interaction
arising from strong mass loss of a H-depleted progenitor
might be relevant in explaining the observed features of
AT2018cow. We note that some of the narrow lines in spec-
tra of AT2018cow, namely the He I lines at 5876, 6680, and
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7065 A˚, may trace true pre-shock CSM expanding slowly
away from the progenitor star, contrary to previous sugges-
tions. Thee He I lines are in fact resolved, with width of
around 300 km s−1 or more, whereas other lines such as
[O III] and [S II] in the same exposures are more than 2
times narrower and seem consistent with unresolved H II
region emission. We compare AT2018cow to a number of
different interacting SNe, including several SNe Ibn and IIn.
Although none of the objects provide a perfect match, many
similarities exist between AT2018cow and SNe Ibn, includ-
ing light-curve rise and fall times, peak magnitude, X-ray
light-curves, and spectroscopic properties. CSM interaction
can be quite diverse, depending on the extent and geometry
of the CSM, which is primarily governed by the timing of
the pre-SN mass-loss. Not all interacting SNe need to look
exactly like SN 2006jc or SN 1998S. Based on the optical
and X-ray light curves and the spectral evolution, we infer
that the interaction with H-depleted CSM in AT2018cow
likely occurred earlier than in the case of SN 2006jc.
CSM interaction may also help explain two other no-
table features of AT2018cow. First, the growing infrared
component at > 30 days (Perley et al. 2018) can be under-
stood in the context of dust formation, similar to the day
>50 post-shock dust formation in SN 2006jc (Smith et al.
2008). Second, the hard and soft X-ray components ob-
served by Margutti et al. (2018) are common in SNe ex-
hibiting CSM interaction, such as SNe IIn 2005kd, 2006jd,
and 2010jl (Katsuda et al. 2016). The time evolution of the
X-ray emission would suggest that the most intense period
of CSM interaction occured early in AT2018cow, near the
time of peak optical luminosity. This, in tunrs, would imply
a relatively compact, recently ejected CSM shell.
The host galaxy of AT2018cow is a dwarf spiral galaxy
with a star formation rate of 0.22 M⊙ yr
−1 (Perley et al.
2018). This rate is consistent with the hosts of most core-
collapse SNe, including SNe Ibn (Hosseinzadeh et al. 2019).
Perley et al. (2018) point out, however, that the galaxy mass
(1.4 × 109 M⊙) is smaller than a majority of galaxies that
produce core-collapse SNe and that the galaxy is not under-
going a notable burst of star-formation at the current time.
The initial classification of AT2018cow as a magnetar in a
dwarf spiral galaxy may be reminiscent of the initial clas-
sification of the Type Ibn PS1-12sk (Sanders et al. 2013).
The host was initially identified as brightest cluster galaxy
(BCG) CGCG 208042, but there is little to no star-formation
at the SN location. Hosseinzadeh et al. (2019) suggest that
the actual galaxy may be the more nearby compact dwarf
galaxy 2.7 kpc away or, more likely, the progenitor of PS1-
12sk was not a massive star. Instead, they propose that the
progenitor could be white dwarf in a helium envelope or a
non-degenerate helium star. This hypothesis is also consis-
tent with the electron-capture collapse following a merger
of a massive ONeMg white dwarf (WD) with another WD
proposed for FBOTs and AT2018cow (Lyutikov & Toonen
2018).
The nature of SN Ibn progenitors remains uncertain.
Some SNe Ibn (e.g., SN 2006jc) likely have massive progen-
itors (Foley et al. 2007; Pastorello et al. 2007), but it is un-
clear if this applies to all examples. Given some of the obser-
vational similarities highlighted in this paper, it is tempting
to consider a connection between AT2018cow (and perhaps
all FBOTs) and the Type Ibn SN subclass. For the relatively
quick timescales observed in these objects, any CSM would
need to be quite localized in extent. Some models propose
eruptive mass loss on short timescales, even in hydrogen
poor stars (e.g., Quataert & Shiode 2012; Smith & Arnett
2014; Fuller et al. 2015). Variations in timing, mass, expan-
sion speed, and duration of pre-SN mass loss might then
result in the observational differences discussed throughout
this article. For the specific case of AT2018cow, for example,
a He-rich shell much closer to the star (as compared to SN
2006jc) might result in an optical depth that is too high for
strong He I line emission at early times (producing instead
a hot blackbody-like optical spectrum). The strong X-rays
initially followed by a rapid drop might be consistent with
this compact shell and high optical depths if the CSM is
clumpy or if the CSM is globally asymmetric, allowing the
X-rays to partially escape as inferred for some SNe IIn like
SN 2005ip (Smith et al. 2009). A relatively compact shell
with a modest total mass would yield a faster diffusion time
(e.g., rapid UV/optical rise and fall), as compared to the
more extended shells of typical SNe IIn. In SN 2006jc, the
intermediate He I lines were seen at the time of discovery
(although note that SN 2006jc was discovered relatively late
during its decline from peak) because they were photoion-
ized and the CSM was relatively fast, but the SN forward
shock did not collide with the densest parts of the shell until
∼50 days after discovery. In contrast, by day 50, AT2018cow
may have already overrun most of its CSM shell, resulting
in the relatively weak narrow lines from any remaining pre-
shock CSM and moderate strength intermediate-width lines
from the swept-up CSM.
The observational degeneracies between TDEs, magne-
tars, and SNe are exacerbated by the hot blue continuum
at early times. While the diversity of CSM interaction and
the relatively small number of SNe Ibn make it difficult
to identify an example that matches the peculiar event
AT 2018cow, there is partial similarity in their light curves
and spectra. The resolved intermediate-width and narrow
components of He I lines, in particular, make a strong
case that CSM interaction plays an important role in
AT 2018cow. At later times, if CSM interaction continues
or if the swept up CSM continues to emit, the light-curve
may plateau or intermediate-width lines may become more
dominant in the spectrum. AT2018cow is currently behind
the Sun. When it emerges, late-time, multi-wavelength
observations may be able to distinguish between various
scenarios once the photospheric continuum has faded, per-
haps allowing CSM interaction signatures to be identified
more clearly.
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